Gd 2 O 3 :Eu phosphor particles of high brightness were directly prepared by the spray pyrolysis from solution with boric acid flux. The particles prepared from solutions with boric acid flux had higher photoluminescence (PL) intensities than that of particles prepared from solution without flux. The particles prepared from the solution of 10 wt% boric acid had the highest PL intensity, which was higher by 43% than that of the particles prepared from solution without flux. The roles of boric acid flux in improving PL intensity of Gd 2 O 3 :Eu phosphor particles in the spray pyrolysis were to promote crystal growth and to reduce surface defect of particles. They were different from ones in solid state reaction.
Introduction
Phosphor particles of improved brightness are required in flat panel displays and lamps. Spray pyrolysis is a promising process for the preparation of rare-earth doped oxide phosphor particles. The phosphor particles prepared by the spray pyrolysis had the characteristics of spherical shape, fine size, narrow size distribution, and non-aggregation because of gas phase reaction. [1] [2] [3] [4] [5] Additionally, the phosphor particles of high brightness could be prepared by the spray pyrolysis at lower post-treatment temperature and shorter residence time than the conventional solid state reaction methods, because of fine size and good mixing of each precursor components in the spray pyrolysis. On the other hand, the same or higher reactor temperature compared with solid state reaction method was required for direct preparation of phosphor particles without post-treatment because of short residence time of particles inside high temperature reactor as several seconds in the spray pyrolysis. 4, 5) In conventional solid state reaction and liquid solution methods, flux is used to improve wetting of reactants and to form well-crystallized particles. The flux also plays an important role in the control of mean size, size distribution, and shape of phosphor particles. [6] [7] [8] [9] Fluxes are usually compounds of alkali-or alkaline earth metals having low melting points. In this work, flux material was applied to the preparation of phosphor particles in the spray pyrolysis. Eudoped Gd 2 O 3 phosphor particles, which had nanophase structure with fine crystallite size, prepared by the spray pyrolysis had higher porosity and hollowness than other phosphor particles. 4) On the other hand, Eu-doped (Y 0.5 Gd 0.5 )BO 3 phosphor particles had smooth surface and non-porous morphology because of low melting point of born oxide.
3) Boron compound used as host material source was also served as a flux. In this work, boron compound in the form of boric acid was applied to the preparation of Gd 2 O 3 :Eu phosphor particles in the spray pyrolysis. The effect of boric acid on the characteristics of Gd 2 O 3 :Eu phosphor particles such as brightness, crystallinity and structure was investigated. And the role of flux in the spray pyrolysis was compared with the one in conventional solid state reaction method.
Experimental
The apparatus used in this work was an ultrasonic spray Figure 1 shows the photoluminescence(PL) spectra of Gd 2 O 3 :Eu phosphor particles prepared by the spray pyrolysis from solutions with and without boric acid flux. The phosphor particles were excited by UV light of 254 nm wavelength. The particles prepared from solutions with boric acid flux had higher PL intensities than that of particles prepared from solution without flux. The particles prepared from solution of 10 wt% boric acid had the highest PL intensity, which was higher by 43% than that of the particles prepared from solution without flux. In previous work, the highest brightness of Gd 2 O 3 :Eu particles directly prepared by the spray pyrolysis was obtained at 1400
Results and Discussion
• C and the brightness of particles was sharply decreased above 1400
• C because of change in crystal structure of particles. This preparation temperature of 1400
• C in the spray pyrolysis is higher than that of solid state reaction method. In the spray pyrolysis, activation of Eu dopant and crystal growth of particles was not completely occurred because of short residence time as several seconds at low preparation temperatures. So the direct preparation of phosphor particles without flux is not attractive because of high preparation temperature. Therefore, addition of flux material like boric acid is required to improve the brightness of phosphor particles and to reduce the preparation temperature in the spray pyrolysis.
generator with 1.7 MHz resonator. Spray solution was prepared by dissolving Gd and Eu nitrate and boric acid into distilled water. The overall solution concentration was 0.5 M. The doping concentration of Eu was fixed at 10 at% of Gd component. The amount of boric acid additive was varied from 0 to 30 wt% of Gd 2 O 3 product. To investigate the effect of boric acid flux on the brightness of Gd 2 O 3 :Eu particles, all the samples were directly prepared by the spray pyrolysis at 1300
• C without post-treatment. The flow rate of air used as carrier gas was 2 l/min and the residence time of particles inside a tubular furnace reactor was 2 s.
The crystal structure of the particles was studied using X-ray diffraction(XRD). Line broadening of XRD peaks was used to estimate the average crystallite size. The mean size and morphology of particles were investigated using scanning electron microscopy(SEM). Photoluminescence characteristics of particles prepared from solutions with and without boric acid flux were also compared.
To investigate the role of boric acid flux in improvement of brightness of phosphor particles in the spray pyrolysis, the chromaticity, crystallinity, and morphology of Gd 2 O 3 :Eu particles prepared from solution with and without boric acid flux were investigated. The relative degree of activation of Eu dopant of Gd 2 O 3 phosphor particles was investigated from chromaticity of phosphor particles. The chromaticity of particles prepared from solution of 10 wt% boric acid flux was x = 0.6594 and y = 0.3394, which chromaticity was similar to that (x = 0.6577 and y = 0.3413) of particles prepared from solution without flux. These chromaticities of phosphor particles indicates that Eu dopant was fully activated into Gd 2 O 3 host material at the preparation temperature of 1300
• C regardless of adding boric acid flux. Figure 2 shows the SEM photographs of Gd 2 O 3 :Eu phosphor particles. All the samples have spherical shape and non-aggregation characteristics. Even though the particles prepared without flux have more fractured structure than those prepared with boric acid flux, the mean size and size distribution of particles were not changed. The mean size of particles measured from the SEM photograph was 1.1 µm. Figure 3 shows the XRD spectra of Gd 2 O 3 :Eu particles. The particles prepared from solutions with boric acid have higher crystallinity than those prepared from solution without flux. These results of XRD are consistent with those of PL spectra of particles. The relationship of crystallite size, which is a measure of crystallinity, with PL intensity of particles was plotted in Fig. 4 . The particles of better crystallinity have higher PL intensities than the particles of poor crystallinity. observed in the XRD spectra in Fig. 3 , the PL intensity of Gd 2 O 3 :Eu particles prepared with 20 wt% boric acid flux was higher than that of particles prepared from solution without flux and was similar to that of particles prepared from solution with 5 wt% boric acid flux. Therefore, the boric acid flux has another role of improving the brightness of Gd 2 O 3 :Eu phosphor particles in the spray pyrolysis. Boric acid flux may reduce the surface defects of Gd 2 O 3 :Eu phosphor particles in the spray pyrolysis. The Gd 2 O 3 :Eu phosphor particles prepared by the spray pyrolysis have many defects because they have high porosity and hollowness. The melted boron compound inside particles may decrease the surface defects and increase the PL intensity of particles.
Conclusions
In the preparation of Gd 2 O 3 :Eu phosphor particles by the spray pyrolysis, boric acid was used as flux material. The Generally, the particles of large grain size have higher brightness than the particles of small grain size because of low concentration of defects, which act as sites for the nonradiative recombination of electron-hole pairs. From the above results, we conclude that one of the roles of boric acid flux in improving the PL intensity of Gd 2 O 3 :Eu phosphor particles is to promote crystallite growth. In spite of impurity phase, Gd 3 BO 6 Gd 2 O 3 :Eu phosphor particles prepared from solutions with boric acid flux had higher brightness even at the short residence time of particles as 2 s in the spray pyrolysis. Boric acid increased the crystallinity and reduced the surface defects of particles that originate from high porosity and hollowness. These roles of boric acid flux in the spray pyrolysis were different from the ones of flux material in conventional solid state reactions. In conventional solid state reaction methods, the flux material promotes reaction between reactants and crystal growth of particles.
